Type C Virus Induced by Iododeoxyuridine in the Human
Embryonic Cell Strain HEL-12
(Accepted I3 September I978) SUMMARY The induction of a type C virus from a strain of human embryonic lung cells (HEL-I2) by iododeoxyuridine (IdUrd) was examined at various times during in vitro propagation. IdUrd did not elicit type C virus production immediately following initiation of cultures from frozen primary HEL-I2 cells. After overnight treatment with 3o #g/ml IdUrd the cells expressed viral antigens and produced a type C virus between the 25th and 8oth day of in vitro growth. Production of the induced type C virus was transient. Single-cell clones of the parental HEL-I2 strain were likewise susceptible to type C virus production by IdUrd. The ability of IdUrd to induce virus terminated with the onset of spontaneous type C virus production from HEL-I2 cells at between 80 and I2O days of in vitro growth.
The HEL-I2 strain of human embryonic lung fibroblasts releases a type C virus (HEL-I2 virus) which shares antigenic determinants and nucleotide sequences with primate type C viruses (Panem et aL I975; 1977; Prochownik & Kirsten, I977) . Virus release is confined to a period of approx. 8o to IZO days after HEL-I2 cells are reinstated in culture from primary seed stocks, whereas cytoplasmic virus antigens can be detected by indirect immunofluorescence beginning at 25 days (Panem et al. I977) . We have now examined whether virus production can be induced by the addition of 5-iodo-z-deoxyuridine (IdUrd) to the growth medium during the life-span of HEL-I2 cells (Aaronson et al. 197I ; Lowy et al. I97I) .
The origin and growth conditions of HEL-I2 cells as well as single cell clones derived from HEL-I2 cells after 20 days of in vitro propagation have been described (Panem, 1976; Panem et al., 1977) . Parent and cloned HEL-I2 cells were repeatedly grown in medium with IdUrd (Sigma Chemicals, St Louis, Mo.) which was prepared at 3oo/zg/ml in phosphatebuffered saline (PBS) and stored in the cold. Virus release was determined by the appearance of reverse transcriptase in culture fluids using the synthetic template poly(A), oligo(dT)a2_ls~ (Collaborative Research, Waltham, Mass.) and ~H-thymidine-5'-triphosphate (sp. act. 48"5 Ci/mmol; New England Nuclear, Boston, Mass.) as described (Prochownik et al. 1976) .
Pilot experiments revealed maximal virus yield from HEL-I2 cells following the addition of 3o #g/ml IdUrd. Virus release persisted for 2 to 5 days after drug removal as measured by assays of culture supernatants for virus reverse transcriptase. Although approx. I5 ~o of the cells were lost from drug toxicity, the polymerase activity was judged to measure viral rather than cellular polymerase because (I) increased cell toxicity was observed at IdUrd concentrations greater than 3o/zg/ml without concomitant increase in reverse transcriptase activity and (2) the polymerase activity showed template specificity for poly(rA), oligo(dT) as opposed to poly(dA), oligo(dT).
Cultures of HEL-I2 cells were initiated from frozen stocks, transferred to new culture dishes every 5 to 6 days and maintained for I2O days (Fig. I ). Before the 25th day, uncloned HELq2 cells did not release a type C virus detectable by reverse transcriptase assays when grown in IdUrd-containing medium (3o/zg/ml). Thereafter, the cells responded to a brief growth cycle in IdUrd-containing medium by producing small quantities of a type C virus. Virus yield was maximal at day 64 and preceded the onset of spontaneous virus production in control cultures at day 8o. The addition of IdUrd to the growth medium during the period of spontaneous virus production (8o to r2o days) did not enhance virus production. Cytoplasmic antigens in uncloned experimental and control cultures were first observed by immunofluorescence between 25 and 3 ° days of serial growth. With time in culture, an increasing number of HEL-I2 cells reacted with a goat antiserum to tween-ether-disrupted woolly monkey fibrosarcoma (simian sarcoma) virus [anti-SiSV(TE)] and a goat antiserum to p28 polypeptide of the endogenous cat virus Theilen et al. 197t; McAUister et al. I972; August et al. I974) . The kinetics of antigen expression were similar to those recently described for another stock of HELq2 cells (Panem et al. x977) .
To test the bioactivity of the type C virus, culture fluids from uncloned experimental and control HEL-T2 cells were harvested at 2o, 60 and ~Io days, filtered and added to duplicate cultures of rabbit corneal (SIRC) and dog thymus (A7573) cells (Panem et al. I977) . The indicator cell lines were examined 7 days later by indirect immunofluorescence with the anti-SiSV(TE) and anti-RDII4p28 sera. Supernatant fluids from early-passage HEL-t2 cultures (day 2o) did not convert the antigen-negative indicator cells which is consistent with the data shown in Fig. I . In contrast, supernatant fluids from IdUrd-grown cultures at day 6o induced antigen conversion in Io to 3o ~ of rabbit and dog cells, whereas culture fluids from the corresponding control cultures did not. Culture fluids were also harvested from experimental and control cultures after I IO days when spontaneous virus production is maximal (Fig. I) contain infectious virus which was borne out by the high percentage of antigen-positive cells after 7 days. Electron microscopic examinations of the infected indicator cell lines revealed occasional budding and extracellular type C particles. Four single-cell HEL-I2 clones (IIC5, IIF 3, IIF6, IG3) were chosen for this work. Each clone expressed cytoplasmic antigens reactive with the anti-SiSV(TE) serum by indirect immunofluorescence, but did not produce virus (Panem, 1976) . The clones were first grown in IdUrd medium on day 32 after cloning. Fig. 2 shows that each clone was inducible by IdUrd, although virus yield was small as judged from reverse transcriptase assays of culture fluids. Further, the amount of virus induced varied as much as 2o-fold between clones. The clones grown in IdUrd medium also continued to react with the anti-SiSV(TE) serum during the 5 days of virus release. In addition to the presence of virion-associated reverse transcriptase, the particles induced by IdUrd from cloned HEL-I2 cells were characteristic of type C viruses by electron microscopy and buoyant density.
Several unsuccessful attempts were made to transmit the type C virus induced by IdUrd from HEL-I2 clones to other-mammalian cells by direct infection with culture fuids. We resorted to a co-cultivation technique since virus yield from IdUrd treated clones was apparently insufficient to achieve infection by direct transmission. SIRC cells were used because they are easily distinguished from HEL-I2 cells on morphological grounds as well as by their ability to bind antibody to rabbit cell surface antigens. Infection of SIRC cells was judged by the appearance of cytoplasmic immunofluorescence with the anti-SiSV and anti-RDiI4p28 sera under conditions where control goat serum did not mediate fluorescence and where parallel mock-infected SIRC cells did not react with any serum. The rabbit origin of antigen-positive cells was confirmed by simultaneous staining with goat-anti-SiSV and goat-anti-RDI14p28 sera and rabbit-anti-A-typing sera (data not shown). Rabbit typing sera did not react with HEL-I2 cells under these conditions and rabbit cells in mixed cultures of four untreated HEL-I2 clones, and SIRC cells did not react with anti-SiSV(TE) or anti-RDII4p28 sera in indirect immunofluorescence tests.
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However, antigens reactive with the anti-SiSV and anti-RDI~4p28 sera were detected in SIRC cells after I6 to 59 days of co-cultivation with IdUrd-treated HEL-I2 clones. The results show that the expression of type-C virus antigens, virus release and susceptibility to virus induction by IdUrd are transient in cloned and uncloned HEL-I2 cells. These findings confirm earlier observations on the temporal restriction of virus antigen expression and virus production in this diploid strain of human embryonic cells (Panem et al. I977) . When grown in IdUrd medium before the 25th day HEL-I2 cells do not release measurable type C virus either because they are resistant to the action of IdUrd or the quantity of virus released is below the limits of detection by reverse transcriptase assays. An antigen-positive, but virus-negative interval extends from 25 to 8o days during which the cells release virus after a brief growth cycle in medium containing IdUrd. The peak of virus induction by IdUrd is reached at 64 days, well before the onset of spontaneous virus release. During the interval of spontaneous virus production and maximal antigen expression (8o to I2o days) virus yield is seemingly not enhanced by the addition of an otherwise virogenic dose of IdUrd to the growth medium of uncloned HEL-I2 cells.
In the present work, we have also used single-cell derived HEL-Iz clones to study the response to IdUrd. The clones had been established from early-passage cultures (2o days) and expressed type C virus cytoplasmic antigens between 48 and 99 days after cloning (Panem, I976) . These earlier experiments also revealed that only two clones (IG3 and IIF3) spontaneously produced type C virus while several other clones including clones IIC5 and IIF6, remained virus-negative for observation period up to IOO days. All clones including IIC5 and IIF6, were inducible by IdUrd to activate a type C virus. Together with the results of the present infectivity assays, this finding suggests that each parent cell selected by double cloning contains the genetic information for the synthesis of an infectious type C virus. We do not know at present whether every HEL-I2 cell or clone contains proviral sequences as determined by molecular hybridization. Such DNA sequences have recently been demonstrated in uncloned cultures of HEL-I2 ceils soon after they were re-grown from frozen stocks (Prochownik & Kirsten, I977).
These initial experiments were not designed to determine whether the type C virus induced by IdUrd is identical to the virus spontaneously produced by HEL-I2 cells. Only further characterization of the viruses may reveal subtle antigenic or host-range differences as are known to exist for endogenous mouse type C viruses (Rowe et al. I97I ; Lowy et al. I974; Aaronson & Stephenson, I976) . This work was supported by Public Health Service Grant CA I8498 and a grant from the Renee Shaffer Gettleman Foundation. E.V.P. was supported by a National Institute of General Medical Sciences grant To5-GMoI939. SP is a scholar of the Leukemia Society of America. 
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